
Water Resources Research Center
Annual Technical Report

FY 2014

Water Resources Research Center Annual Technical Report FY 2014 1



Introduction

When compared to population centers in continental areas, water shortages and quality problems are more
critical in Hawaii and the Pacific because of their geographic isolation and small land areas. Owing to their
spatial and temporal scales, the Hawaiian Islands can serve as a microcosm of what may already be a reality
for many areas in the world that share similar water supply and quality problems. Over the past 50 years, since
WRRC was established, the research focus mainly addresses the following general categories.

Groundwater Characterization Assessment and Modeling• 
Groundwater Contamination, Drinking Water Supply Protection• 
Recreational/Microbial Water Quality, Microbial Methods• 
Wastewater Treatment Technology• 
Wastewater Reuse/Disposal• 
Watershed/Non-Point/Runoff• 
Ocean Outfall Biomonitoring• 
General Marine Water Quality• 
Economics/Policy/Law• 
Climate/Atmosphere/Precipitation/Evaporation/ Flooding• 
Rainwater Catchment• 
Streams/Lakes• 

In addition to basic research, many of the studies have aimed at solving specific water resource problems,
such as biomonitoring near ocean outfalls, arsenic contamination, and rise in well nitrate level. Others have
been initiated to meet federal regulations/obligations, including biomonitoring, source-water assessment
program, and watershed protection plan.

Introduction 1



Research Program Introduction

The Hawaii’s Water Resources Research Center (WRRC) has continued to address issues related to water
demand and quality problems critical to Hawaii and the Pacific, including American Samoa. When compared
to continental areas, such issues are more critical because of these areas’ geographic isolation and small land
areas. The research covered in this report include groundwater characterization and modeling, water resource
contamination, recreational chemical and microbial water quality, microbial methods, wastewater disposal and
ocean biomonitoring, evaporation, and ecological and environmental climate-change effects. In addition to
addressing important basic research, many of the studies were aimed at solving specific water resource
problems. In 2013, WRRC was given the added responsibility as the WRRIP Center for American Samoa.
This report emphasizes the efforts to establish research studies dealing with this Territory’s water demands,
water quality and land-ocean interactions. The following sections summarize the research efforts for the
reporting period grouped into main categories.

Microbial Studies

The safety of Hawaii recreational waters is a critically important factor in attracting tourists to Hawaii and in
maintaining the lifestyle enjoyed by residents. The current monitoring system uses a number of enterococci as
an indication of sewage contamination and an increase risk of illness. Despite the apparent lack of sources of
sewage, the beach water in Hawaii sometimes exceeds the Environmental Protection Agency standards for
safe use. Past research conducted by scientists at WRRC revealed that even in the absence of sewage, the fecal
indicator bacteria can grow and reproduce in soils under tropical conditions. This significant finding led
Hawaii state regulators to adopt other more appropriate indicators of fecal pollution, such as the bacterium
Clostridium perfringens. Results of the research with C. perfringens have proven applicable to other tropical
areas and even to some temperate regions. Findings in Hawaii have also led other scientists to conduct studies
examining the natural prevalence of indicator organisms in the environment and their appropriateness as
indicators of sewage contamination in recreational waters.

WRRC has continued to advance microbially related research during this reporting period. One project deals
with the evaluation of a rapid qPCR method for enterococci. Of the 151 coastal samples collected from 2013
to 2014 from 12 beaches on Oahu, only a single sample did not comply with the enterococcus and C.
perfringens based recreational water quality standards. In contrast, analyses of 117 samples collected during
the same timeframe from the Manoa watershed indicate possible sewage related impairment in the urbanized
section of the watershed. If used simultaneously, human Bacteroides and human polyomavirus markers are
suited for microbial source tracking purposes in Hawaii. Distribution of the source specific markers and C.
perfringens in the coastal and watershed samples indicates that C. perfringens is a reliable sewage indicator
and justifies its use as a water quality standard in Hawaii. The qPCR method was compared to two currently
accepted culture based methods for recovery of enterococci from a variety of environmental waters. While
rapid methods are urgently needed and offer great promise, in its current form, the rapid qPCR method for
enterococci (USEPA Method 1611) cannot be used in Hawaii due to the compounds that interfere with PCR
reactions. This inhibition results from rapid DNA extraction protocol and appears to be associated with coastal
waters but not with inland waters of Hawaii. The number of enterococci obtained by all three methods and the
presence of two molecular markers specific for sewage were evaluated based upon the current water quality
standards.

Another project deals with the evaluation of next-generation sequencing technologies for environmental
monitoring. The scope of the research covers the characterization of microbial communities from wastewater
plants and selected beaches of Hawaii using a metagenomics approach. This study catalogued the microbial
diversity in the wastewater treatment plant (WWTP) discharges and the coastal environments on Oahu.
Samples were collected from four Oahu WWTPs (Hawaii Kai, Honouliuli, Kailua, and Sand Island) and from
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coastal waters extending from the Sand Island outfall to Waikiki. Using a novel primer set, the sample library
was compiled targeting larger and more informative fragments to fully benefit from the recent advantages in
sequencing technologies. The archived results include over 1,000 microbial isolates. Sequence analyses are
ongoing. The major goal of this project is to establish a research program to bridge environmental and public
health sciences by leveraging novel community analyses tools to target environmental and human health
concerns collectively. The results will hopefully provide a more holistic view of the coastal ecosystem and
promote sustainable development.

The final project in this category is the evaluation of the Portable Multi-use Automated Concentration System
(PMACS) for the analysis of indicator bacteria and microbial source tracking markers in Hawaii.
Overwhelming evidence exists that microbial distribution is “patchy.” The small sample volumes (usually 100
mL) used in routine microbial water quality monitoring programs do not provide an adequate representation
of the water quality nor are they usually sufficient for the detection of human pathogens. An analysis of larger
sample volumes is necessary. In this study, wastewater, drinking water, and beach water samples were
collected at various locations on Oahu by teams from WRRC, Hawaii Department of Health, City and County
of Honolulu, and The University of South Florida. The analyses confirms that PMACS is a practical and
economical tool for concentrating a wide variety of microorganisms from large sample volumes (larger than
100 L) and can provide a more comprehensive characterization of microbial water quality. The potential use
of the instrument has generated about $50,000 in support from the Hawaii Department of Health and a private
sponsor to purchase and apply PMACS to resolve microbial water quality issues in Hawaii.

Ocean and Ocean Outfall Biomonitoring

Waste disposal for the Island of Oahu is done through ocean outfalls that discharge the effluent in deep water
far offshore. As a condition of obtaining advanced treatment waivers, the City of Honolulu was obliged to
conduct monitoring of the ecosystems around the plant outfall pipes, which is done under WRRC supervision.
The research team has continued to assess the health and changes to communities of organisms (fish and
sandwelling worms, crustaceans, and mollusks) around the outfalls at Sand Island, Barbers Point, Mokapu,
and Waianae for more than twenty years. The methodology developed by the team in has been applied in
other tropical locations by these researchers. The dataset collected by this long-term project is unparalleled in
terms of time extent, and project researchers have discovered a number of new species in the course of their
work.

A related active project for this reporting period addresses temporal and spatial effects of sewage outfalls on
the reproductive capabilities of polychaetes. The project is motivated by the need to understand the long-term
effects of the sewage discharge on the marine ecosystem function and the reproductive capabilities of selected
marine worms could provide a good measure of ecosystem health. This research aims to test the hypothesis
that there will be spatial and temporal differences in the reproductive capabilities of syllid polychaetes at
different outfall locations. Reproductive data of polychaetes present in the reports of the Sand Island and
Barbers Point ocean biomonitoring projects for a period of 11 years were used. Preliminary results using two
of the most abundant species (i.e., Pionosyllis heterocirrata and Sphaerosyllis sp. G) show that both species
reproduce year round and could be good indicators for ecological disturbances. There were no significant
differences in the reproductive capabilities of these two species in samples collected near and far field from
the outfall diffusers and throughout the 11-year period. Temporal differences seem to be more accentuated
than spatial differences. The next step would be to increase the number of species and perhaps to perform
additional analysis using the environmental variables available (e.g., chemical characterization of the
sediments and grain size) and verify if the reproductive success is correlated to any of them.

Another project is dealing with building a polychaete species database for water management purposes in
American Samoa. Shallow water polychaete species were characterized qualitatively at twenty sampling
stations around the Island of Tutuila. The intent was to determine the polychaete species present in soft
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sediments, diverse algal assemblages, and coral rubble to provide a polychaete species list that would be
useful for future biomonitoring projects. The shallow water polychaetes of American Samoa are very diverse
with a total of 546 individuals collected in this study representing 26 families and 73+ species. At least one
new species was collected from samples taken from this project and will be formally described and named.
The species Hydroides elegans, Dipolydora socialis, Salmacina dysteri, and Sabellastarte spectabilis were
probably transported to American Samoa and are accidental introductions. Impacts of these species have been
reported in other regions of the Pacific Ocean. This research characterizes the first comprehensive study
aimed to taxonomically describe and identify the polychaete worms around the Island of Tutuila. All
specimens will be added to the collection at the Bernice Pauahi Bishop Museum and then made available for
future researchers working on water quality and the effects on the benthic macrofauna in American Samoa.

Hydrology

A hydrology related project deals with the determination of groundwater fluxes and evaluation of the
effectiveness of low-permeability valley-fills in the Pearl Harbor Aquifer, Oahu. The study was motivated by
the fact that the majority of groundwater used on Oahu is withdrawn from the aquifer. Successful
water-resource management therefore needs an accurate understanding of the groundwater flow through the
aquifer and quantification of fluxes to the aquifer from adjacent groundwater areas. Accurate assessment also
requires evaluating the effects of local hydrogeologic features, in particular low-permeability valley-fill
barriers, including those associated with Waimano, Waimalu, and Kalauao Streams. A regional numerical
groundwater model was developed to address these needs. Oahu’s complex geologic structure was reduced to
three hydrogeologic units: 1) dike-intruded volcanic rock, 2) dike-free volcanic rock, and 3) sediments and
rejuvenated volcanics. The altitude of the contact between overlying sediments and volcanic rock was
generated to facilitate model grid generation. Measured water levels on Oahu from various sources were
compiled to calibrate the model. To date, results have not been finalized because the USGS recharge estimates
for Oahu have only recently been updated.

Detailed estimates of hydraulic properties are important for models that are used to assess groundwater
availability and quality. A project covered by this review period assesses hydraulic properties through tidal
groundwater-level analysis for the state of Hawaii. Such analysis is feasible, considering that the attenuation
of tidal variations in groundwater levels with distance from the coast reflects such properties. The study
presents a regional compilation of tidal-attenuation information for the State, and estimates hydraulic
properties using groundwater-level records from more than 250 wells in volcanic rock and more than 200
wells in coastal sediments. Results are combined in a regional context with respect to the hydrogeologic
framework of each island. The tidal response in groundwater levels can help to distinguish and identify
hydrogeologic units. For example, in general, no tidal signal was observed in dike-intruded volcanic rock, and
the lower-permeability coastal sediments caused a damping effect of the tidal signal. Aquifer-diffusivity and
hydraulic-conductivity estimates in dike-free volcanic rock decrease with increasing island age, which is
consistent with a reduction in permeability through weathering. The results will be useful for developing
island-wide numerical groundwater models and are implemented in an ongoing USGS regional volcanic-rock
aquifer study.

The volcanic-rock aquifers of Oahu supply freshwater to the growing population on the island, but resources
are limited and particularly susceptible to impacts from human activity through land-use changes or excessive
withdrawals and climate change. Assessment of groundwater availability in the volcanic-rock aquifers of
Oahu, Hawaii, is timely with the availability of new information and technologies. Updated recharge and
hydrogeologic information and improvements on groundwater modeling approaches are combined with the
desire to consider effects of climate change will lead to a better assessment of groundwater availability. A
numerical modeling analysis of the most developed regional groundwater-flow system in the main Island of
Hawaii updates knowledge of the availability and sustainability of Oahu’s groundwater resources, and
provides insight into the impacts of human activity and climate change on groundwater resources. Oahu’s
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complex geologic structure was reduced to three hydrogeologic units: 1) dike-intruded volcanic rock, 2)
dike-free volcanic rock, and 3) sediments and rejuvenated volcanics. Measured water levels, midpoint of the
transition zone between fresh- and saltwater depth data, base flow and Pearl Harbor spring-discharge data on
Oahu for recent conditions (2001–2010) were compiled to calibrate the numerical model. The analysis is part
of an ongoing USGS regional volcanic-rock aquifer study.

Hydrology related studies also include a project dealing with quantifying groundwater discharge from the
Faga’alu Aquifer, American Samoa. Faga’alu valley on Tutuila Island has been designated as a priority
watershed management area by the NOAA Coral Reef Conservation Program. While Faga’alu’s surface water
is on the AS EPA 303(d) list of impaired waters (CRCP 2013), at present, there is no information available
regarding groundwater-derived pollution in the valley. This study’s focus is on evaluating
surface-water-groundwater interactions within Faga’alu Stream and to quantify the rates of groundwater to the
stream and submarine groundwater discharge into Faga’alu Bay. The fieldwork completed in the summer of
2014 showed a close connection between stream water and groundwater. Baseflow is a significant contributor
to stream flow and to coastal groundwater discharge. Stream samples show an increasing trend of total
nitrogen concentrations as well as d15N values as the stream travels through developed areas. This indicates
the input of nitrogen to the stream is most likely derived from human or animal waste products.

Another project traced the interconnectivity between high-level and basal groundwaters in the west side of the
Island of Hawaii. The project was motivated by the recent rapid development in the North Kona District of
West Hawaii that has raised concerns regarding the sustainability of the region’s groundwater resources in the
face of increasing demand. A large portion of the region’s municipal water supply is withdrawn from wells
tapping a high-level groundwater system. However, information is lacking regarding the effects of
withdrawals from this high-level aquifer on the underlying and adjacent basal groundwater system. Such a
system sustains the region’s unique coastal ecosystems while at the same time being utilized for municipal,
industrial, and irrigation purposes. While the abrupt freshening and rapid rise in the elevation of the inland
higher-level waters clearly indicates that these strategic aquifers are distinct, the nature of their divide and,
importantly, the degree of connectivity between their water masses remains uncertain to completely unknown.
Groundwater is withdrawn from both of these sources, but due to dramatic increase in needs for potable
supplies, a large and ever increasing portion of the region’s municipal water supply is withdrawn from wells
tapping the high-level groundwater system. Additionally, the effects of increased development—including
industrial, agricultural, and waste disposal activities—on groundwater quality in this area are also poorly
known due to both a lack of water quality data and a lack of understanding of the region’s subsurface
hydrology.

Recent studies of West Hawaii groundwater have suggested that the high-level groundwater system in the
Kona area does drain into the basal lens and that a substantial portion of coastal basal groundwater originally
fell as rain in the upland regions of Hualalai volcano and Huumula Saddle. Yet, recent proposals for land
development have implied that relatively impermeable barriers may separate these waters. This project was
thus designed to examine the degree of hydrologic connectivity between the high-level and basal aquifers
within the North Kona (North Keauhou) district of Hawaii. The research proposed here is needed to test such
disparate hypotheses and to fully evaluate the proportion of mixing that occurs between these critical aquifers.
To achieve this goal, the project used end-member mixing analysis of 2H and 18O in precipitation, wells,
coastal springs, and ocean waters as tracers with which to evaluate the North Kona groundwater connections.
The principal finding of this analysis was that basal groundwater in the Keauhou aquifer does, in fact, contain
a significant and quantifiable portion of recharge from the high-level aquifer. This finding has attracted a great
deal of interest from, and value to, stakeholders and government agencies in the debate regarding the
designation of the Keauhou aquifer, and was later validated by the published results of Tillman et al. (2014),
which used this project’s methodologies to come to the same conclusions.In addition, the most recent data has
been used in updated basal groundwater mixing scenarios that were provided to staff of the Commission on
Water Research Management (CWRM) to assess the validity of various conceptual models of groundwater
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flow in the Keauhou aquifer. Additionally, the data acquired by this study has been utilized in presentations
by experts during CWRM contested case hearings regarding the designation of the Keauhou aquifer as a
special management area in late 2014. This project’s data is also currently being utilized by the staff of the
Hawaii Department of Health to develop a new model of groundwater flow in West Hawaii for the purpose of
evaluating source water protection.

A third hydrology related project assessed groundwater sustainability of the Island of Tutuila, American
Samoa, which is currently faced with multiple water resources challenges. Groundwater sources provide the
majority of drinking water to the island’s approximately 57,000 residents, and a number of wells in the
island’s most productive aquifers are suspected to harbor contamination from quickly infiltrating surface
pollutants, including contaminants associated with automobiles, biological pathogens, and nutrients pollution
from poorly constructed human and pig waste disposal systems. This study uses groundwater modeling and
field geochemical observations based on water quality sampling aimed at a better understanding of Tutuila’s
water contamination issues and identifying potential contaminant sources and groundwater recharge
timescales. These results are intended to assist water resource managers in determining best management
practices (BMPs), which will ensure the continued sustainability of groundwater resources on Tutuila.
Preliminary results indicate that on-site wastewater disposal systems are a likely cause of elevated nutrient
concentrations in the island’s most developed aquifers. The study is also examining the potential for
development of new water resources in other aquifers that are up gradient of contamination sources.

The final project in this group deals with evaluating of the impact of drought conditions upon the Waiahole
Ditch System development tunnels, with the ultimate aim of assessing groundwater sustainability implications
under adverse climate change conditions. This ditch is located upland in the Koolau Mountains and taps water
believed to be stored in dike compartments. The Pearl Harbor aquifer is located downstream on the
western/southern slopes of this mountain range and is an extensively used basal aquifer with major
withdrawals by the Department of Defense and the Honolulu Board of Water Supply. This aquifer is of prime
significance to the sustainability of the island of Oahu. The specific objective of this study is to define the
relationship between high-level dike compartments and the down-gradient recharged Pearl Harbor aquifer.
Data has been compiled and is being updated to study the overall sustainability of the study area. During this
reporting period, the automatic recording sensors that had been set up the in ditch system earlier were
retrieved and some data were recovered. Statistical and spatial relationships are being explored in the various
datasets collected. In addition, base flow discharges will be evaluated by using climatological data during past
episodes of drought. Univariate multiple regression models will be used to evaluate the relationship among
predictor variables (rainfall distribution, tunnel base flow discharges, Pearl Harbor groundwater production),
and response variable (monitored wellhead levels). Semi-partial correlations will be used to identify the
unique contribution of predictor variables upon a response variable. It is expected that a historical analysis of
significant drought episodes will offer an insight into future adverse climate changes upon groundwater
sustainability and will be useful to the water utilities and future planning.

Sustainability

Hawaii faces immediate challenges in meeting the demand for safe drinking water and the management of
wastewater. Despite the State’s location in the middle of the Pacific Ocean, water resources are very limited
and Hawaii’s ecosystems and environments are increasingly threatened by drought and the impacts of
environmental degradation and climate change. To emphasize the important role of WRRC in serving the
State’s conservation efforts, a water literacy project was initiated that is aimed at addressing complex
human-environment interactions associated with water resource management, as mediated by the diverse
cultural, political, and economic conditions in the State of Hawaii. In particular, the project focuses on
educating the University of Hawaii at Manoa campus community to raise literacy about water-related issues at
the campus, neighborhood, watershed, and island scales.
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Climate and Climate Effects

Climate related studies include developing monthly rainfall maps for the islands of Kauai, Oahu, Molokai,
Lanai, Maui, and Hawaii, 2008–2010. Efforts are hampered by the fact that the Hawaiian Islands have one of
the most diverse rainfall patterns on earth. Knowledge of the rainfall patterns is critically important for a
variety of resource management issues, including groundwater and surface-water development and protection,
controlling and eradicating invasive species, protecting and restoring native ecosystems, and planning for the
effects of global warming. Currently, there is a set of monthly rainfall maps for the main Hawaiian Islands,
however, the maps only cover up to 2007. In recent years, it has become apparent that monthly maps for the
period of 2008 to 2010 are needed for numerous water-resource investigations being undertaken by federal,
state, and county agencies in Hawaii. Recent rainfall station data was collected from over 10 networks and
monthly rainfall maps were produced from 2008–2012. These maps are available for download in raster GIS
format. The maps extend the available rainfall record through 2012 to enable analyses of more recent
hydrological conditions in Hawaii.

A climate related study deals with an improved methodology to estimate evapotranspiration. Recently, a
number of studies have focused on estimating surface turbulent heat fluxes via assimilation of sequences of
land surface temperature (LST) observations into variational data assimilation (VDA) schemes. Using the full
heat diffusion equation as a constraint, the surface energy balance equation can be solved via assimilation of
sequences of LST within a VDA framework. However, the VDA methods have been tested only in limited
field sites that span only a few climate and land use types. Hence, in this study, combined-source (CS) and
dual-source (DS) VDA schemes are tested extensively over six FluxNet sites with different vegetation covers
(grassland, cropland, and forest) and climate conditions. The CS model groups the soil and canopy together as
a single source and does not consider their different contributions to the total turbulent heat fluxes, while the
DS model considers them to be different sources. LST data retrieved from the Geostationary Operational
Environmental Satellites are assimilated into these two VDA schemes. Sensible and latent heat flux estimates
from the CS and DS models are compared with the corresponding measurements from flux tower stations.
The results indicate that the performance of both models at dry, lightly vegetated sites is better than that at
wet, densely vegetated sites. Additionally, the DS model outperforms the CS model at all sites, implying that
the DS scheme is more reliable and can characterize the underlying physics of the problem better.

The reporting period also covers a project dealing with forecasting climate change impacts on
watershed-based ecosystem services in Hawaii. The study is motivated by climate change, which is expected
to have significant impacts on native threatened and endangered bird species, particularly in terms of habitat
alteration. Understanding and modeling these impacts in a manner that is useful for decision-makers or
management is difficult since many empirical modeling frameworks require large amounts of long-term data
that can be costly to collect. To address this, the project proposes a decision support approach to
understanding climate change impacts on the habitat, life history functions, and abundance of endangered bird
species by coupling regional watershed simulation models (e.g., AnnAGNPS) under Intergovernmental Panel
on Climate Change (IPCC) defined scenarios and expert knowledge-based models of bird ecology. To test the
proposed approach, the project staff uses data from the Hawaiian Stilt, Hawaiian Coot, and Hawaiian
Moorhen populations, and watershed data from the Island of Kauai as a case study. The type of decision
framework the study proposes provides wildlife managers a low cost approximate understanding of the
dynamic interaction of climate change, habitat and wildlife ecology based on pooling available expert
knowledge and existing data about watershed projections. Model results based on IPCC scenarios suggest that
increased precipitation will increase Stilt abundance, but decrease Coot and Moorhen abundance. On the other
hand, decreasing precipitation may have similar effects across all three species. Additionally, the adopted
integrated model scenarios suggest that climate change will differently impact life functions (e.g. parental
success, breeding, foraging success, etc.) across the three species. Combining empirical and expert-based
conceptual models allows managers to understand the local ecological impacts associated with global climate
change, making it relevant to the management scale. Additionally the study concludes that this framework can
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be easily employed by wildlife managers to understand the impacts of climate change on different types of
animals and across different ecological conditions. This project was leveraged for additional funding
(University of Hawaii Sea Grant) to extend this project’s novel modeling method to other communities and
resource management in Maui, which provided a PhD student two additional years of funding.

Climate change effects were also the motive for another project that deals with assessing the impacts of
stream flow rate on food resource quality and diets of native species in Hawaiian streams. Rainfall and stream
flow are being altered by anthropogenic impacts such as climate change and water diversions throughout
Hawaii, which may affect food resource quality and quantity available to stream macroinvertebrates. This
includes the native and endemic amphidromous atyid shrimp or ‘opae kala‘ole (Atyoida bisulcata). A
rainfall/stream flow gradient along the North Hilo coast on Hawaii Island provided a model system to
examine the potential impacts of altered stream flow on food resource quality and quantity, and how these
impacts can affect the diet and feeding modes of A. bisulcata. The researchers sampled A. bisulcata and 10
potential food resources in five streams that vary in stream flow across the gradient. Analysis of the stable
isotope signatures (d13C and d15N) and C:N ratios revealed the highest quality (most nutritious, with respect to
C:N) food resources available (i.e., biofilm and chironomid larvae Chironomidae) as the primary contributors
(largest percent contributions) to the diets of A. bisulcata across the gradient, regardless of flow metric or
mean annual rainfall (MAR). Secondary contributors (i.e., food resources that contributed to < 20%) to shrimp
diets changed from pelagic (filamentous algae; and fine and course particulate organic matter [FPOM and
CPOM, respectively]) to benthic (leaf bacteria, and fine benthic organic matter [FBOM]) food resources as
flow decreased. These resources were slightly lower quality than biofilm and chironomids across the gradient.
Total weighted C:N (combined biomass and C:N) of all resources sampled declined with decreasing stream
flow, driven mainly by increased biomass of two resources that are not considered contributors to the diets of
A. bisulcata: low quality leaf litter in low flow streams and high quality moss in high flow streams. Quantity
(biomass and/or total stock) of high quality biofilm, chironomids, FPOM, and CPOM, declined significantly
with decreasing stream flow, which is probably influencing the patterns in decreased fitness in A. bisulcata
also observed in streams across this gradient. This study highlights the need to develop management strategies
to maintain stream flow levels to support healthy communities of native stream fauna, and that additional
research is needed to identify instream flow values that are based on impacts to ecological function (diet,
reproduction, growth) rather than simply the presence or absence of species.

References Cited in the Introduction

CRCP—Coral Reef Conservation Program, 2013, “Faga’alu Village Watershed Management and
Conservation Plan,” Pago Pago, AS 96799.

Tillman, F.D., D.S. Oki, A.G. Johnson, L.B. Barber, and K.R. Beisner, 2014, “Investigation of geochemical
indicators to evaluate the connection between inland and coastal groundwater systems near
Kaloko-Honokohau National Historical Park, Hawaii,” Applied Geochemistry, 51, 278–292.
doi:10.1016/j.apgeochem.2014.10.003.

Research Program Introduction

Research Program Introduction 7



Assessing Ground Water Sustainability of the Island of
Tutuila, American Samoa

Basic Information

Title: Assessing Ground Water Sustainability of the Island of Tutuila, American Samoa
Project Number: 2013AS424B

Start Date: 3/1/2013
End Date: 2/28/2016

Funding Source: 104B
Congressional District: 1

Research Category: Ground-water Flow and Transport
Focus Category:Water Quality, Hydrogeochemistry, Non Point Pollution

Descriptors: None
Principal Investigators: Aly I El-Kadi, Henrieta Dulaiova, Craig R Glenn
Publications

There are no publications.

Assessing Ground Water Sustainability of the Island of Tutuila, American Samoa

Assessing Ground Water Sustainability of the Island of Tutuila, American Samoa 1



 

Problem and Research Objectives 
 

The Island of Tutuila in the territory of American Samoa is currently faced with multiple 
water resources challenges. A number of wells in the island’s most productive aquifers are 
suspected to harbor contamination from quickly infiltrating surface pollutants, including 
contaminants associated with automobiles, biological pathogens, and nutrients from poorly 
constructed human and pig waste disposal systems (ASEPA 2006). Existing well development 
has already encroached on the upper boundaries of the developable basal aquifer and Tutuila’s 
unique hydrogeology makes finding appropriate well sites above areas of potential 
contamination a difficult task (ASPA 2013). Currently, groundwater sources provide the 
majority of drinking water to the island’s approximately 57,000 residents (ASEPA 2013). The 
island consists of two main geographic regions: (1) an eroded volcanic mountain range, and (2) 
a geologically recent, and thus, very hydrologically conductive lava and ash plain (Figure 1). 
In the Tafuna-Leone Plain, septic tanks, cesspools, and piggeries lie proximal to the drinking 
water wells in a highly permeable unconfined aquifer (Davis 1963). Negative impacts on 
groundwater quality in this region have been observed and a better understanding of the 
sources and fluxes of contaminants throughout the aquifer is essential to assist the island’s 
decision makers and water resource management.  

This study uses multiple groundwater models and geochemical tools to assist water 
resource managers in determining the best management practices, which will ensure the 
continued sustainability of groundwater resources. Numerical modeling is being used to 
answer hydrogeological questions regarding future well sittings, sustainable-yield 
determinations, and salt-water-intrusion potential. Geochemical observations and ongoing 
water quality sampling are intended to improve our understanding of Tutuila’s water 
contaminant levels and hot spots, to evaluate potential contaminant sources, and to estimate 
groundwater recharge timescales.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Regional geography of Tutuila. Modified from Kennedy/Jenks/Chilton (1987). 
 
 

 



 

 

 
Methodology 
 
Aquifer Testing 

Recovery tests were performed on 26 American Samoa Power Authority (ASPA) 
production wells in summer 2014. These tests are useful for estimating aquifer properties, 
specifically transmissivity (T) and for comparing against results of pump tests (Kruseman and 
Ridder 1994). In addition, static water levels, which will be used for model calibration, were 
recorded at the end of the recovery tests. Tests were completed on active pumping wells with a 
manual water level tape and a vibrating wire piezometer/datalogger. Once stable pumping 
water levels were observed, pumps were shut off and recovery was monitored and recorded 
with the piezometer’s data logger. Test durations were between four hours and five days. 
Recovery data were processed with the Cooper-Jacob Straight-Line Method (Halford and 
Kuniansky 2002) to estimate average values of T of the area of influence of each well.  
 
Water Sampling 

Water samples have been collected from nearly every production well on the island, from 
as many coastal/high-level springs as possible, and from selected streams. Sampling 
commenced in the summer of August 2013 and replicate samples from selected sites are 
presently being collected on a monthly basis. The majority of samples were filtered with  
0.45 µm hydrophilic polyethersulfone capsule filters. Temperature, salinity, pH, and dissolved 
oxygen were measured in situ with a YSI multiparameter sonde (6600V2-2 model). Samples 
were collected in triple-rinsed acid cleaned 60 ml HDPE bottles and were immediately cooled 
for transport to storage facilities. Grab samples were analyzed the same day for dissolved 
radon gas concentrations and chilled samples were analyzed as soon as possible at the 
University of Hawaii laboratories for inorganic nutrients; total dissolved C, N, and P; major 
ions; δD and δ18O of water; δ15N and δ18O of NO3

-; and δ13C of inorganic carbon.  
 
Spring Mapping 

Perennial springs and seeps are generally assumed to designate the location of the local 
water table and can therefore be inferred as a proxy for groundwater head elevations. During 
summer 2014, a number of high-level spring locations in the Malaeimi region (Figure 2) were 
identified and sampled for dissolved radon gas to test if springs represented true groundwater 
discharge, as opposed to recent rainwater. Radon is generally not present in surface water or 
precipitation, however, it is easily dissolved into groundwater from recoil and diffusion from 
aquifer material. Significant quantities of 222Rn indicates recharge waters have been in aquifer 
pore spaces long enough for Rn concentration to increase by an order of magnitude or more 
(Figure 3). GPS coordinates were used to extract high accuracy spring elevations from a 1 m 
resolution DEM. Spring elevations were used as known head elevations for calibration of a 
steady-state MODFLOW model. Within the Malaeimi watershed, flux out to drains was routed 
back into the model via mountain front recharge at the applicable cells. Once calibrated, the 
model was used to run hypothetical water development scenarios to calculate sustainable yields 
for different geologic units within the model.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Malaeimi Valley modeling study area, American Samoa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Concentrations of dissolved radon in springs used for model calibration  
were an order of magnitude greater than concentrations found in surface waters. 
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